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(54) CONTROL CIRCUIT FOR POWER CONVERSION DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a control circuit for power 
conversion device, where an optimum mode with a smaller number 
of times of switchings is selectable. 

SOLUTION: The control circuit for power conversion device 
comprises a current command generating means 801 , which gives 
current command values lAU* to lAW* to a current loop for 
controlling the output current of a power conversion device 1 ; a 
current deviation vector detecting means, which determines current 
deviation vectors AiU to AiW, between current command values and 
feedback values; a voltage-detecting means 812, which determines 
the voltage vectors of three-phase voltage source 5U to 5W; and a 
PWM pattern selecting means 811, which selects PWM patterns for 
the power conversion device 1 . If the current deviation vectors AiU 
to AiW go out of the allowable deviation range, a mode for the 
power conversion device 1 is selected from among modes which are 
defined by the values of current deviation vector and voltage vector 
with respect to output a PWM pattern. 
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OttJ;/7mjBE^^ h/VVO. VI, V3, V7i>>m^t^fL 

■So 

[0 0 8 0] CCOii-g^, ^ffimMmi3E-<i7 h>'UVRi:al 
a^tlfzMl^^i^ \-/i^V 0^ VI. V3. V7t<Dm^ 
^ hMt. E15.rt<DVL0. VLl. VL3i:/j:5o - 

[0 0 8 1] ±5*bfcil«9. mffi«^i5^ h/l-A ni^ 

®8^1i^-<iJ^ h/v-A [Q6] rt(7){i£Sr 

h/W;05VLO*fcliVL 3T*fen 
f^, mSS(i^-<i^ h/l^A [Q7] <D*Ip)--| 
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* [0 0 7 6] 



= (AT/L) X (VR-VA) - • • 

$K[oo8 5] m7n::i<D^m<DmM(Dmm2\z^^^- 

[0 0 8 6] li!7^ci^v^T. BtriBoHiSo?^^! (cj:-5 

^T-fet). {^(Omm^y'^yzfS 1 O'-'S 5 0*3j:t/S 7 
0f^Mi6tl^«-C*)So 

[0 0 8 71 gfiiEti^«jc. ffifflmM«^Kisi^" 

h/i^VRTbm^ [Q7] tc/^V^S'&i-. ^'r;/>^S5 

o^ciov^•cm^^iM-<^ h/^a i ^3^*^)^, g^v>T. m 
[Q7] co:fe-r6)-^i!j<x<.^ j^^v-i/qE— Ko^-ib. ;^ 

:y^Vi/^- h*<D^m^m (mm.^m^^ hJ\-A I ;65 

[Q7] ^iiia («^) -r^otc^i-^B^ra) 



1) o 

[0 0 8 8] /^-^/.^b. iiis [Q7] ^cM-r^m^mm 

A [Q7] f^tCt t*^oTV^^BfP«^2!^5gt>S< 

tS:^<OX. [Q7] o$5S^^?i:oT^/clc 

[0 0 8 9] ;icT\ lie^^rauTtc;^^^. mi)iEiiM-< 
30 ^ h/UA I ;6S^ac [Q 7] ay:f5\^--m< ^-T y^v^^ 

mmrrti\^. :^-( y^:y^'^—V<D^^mmt^^<tJ:^ 

[0 0 9 0] BUJ^<^J: Sffi<BI|-<i;^ hyWA I tm 

6F^(^&artcfe5^i^. ^-<^ h/i-;6SVL O^fcliV 
L 3 T'fottl^. m^iiM-<^ h/l^A I t^®^^ [Q 7] O 

v^T. [Q7] oaiii^r^^ic^g LTitg^-r^o 
[0 0 9 1] jiaio (4) ^t^hmht^fi^o\c^ mM 

li. hyPVLO. VL 3(D;k:#$Jc:it^J^^o 

[0 0 9 2] ^r-C, ^-<i5^ h/l^VLO. VL3tCillU 
[Q7] COali^0#rflTVLO, TVLS^l^AT 
(O (5) (6) ^OJ: 9(-5fe*^>So 

[0 0 9 3] 

- - . (5) 
• • • (6) 



[0 0 8 2] Ufc^^oT. CCOJ^^. S/E^iJ^ h/UVL 

0 (VL7) ^yc(ivL3(c:^js:uyh><^-r ^/^v-^^^— 

KkO. k3. k 7 60V^-rtt;&^^^S^•ri^tf J:vVr ^355 

[008 3] ceo J: 5 J- b-T, mffifli^^^ h/l-A I j5S 
^m^m (®« [Q7] ) rtJCA^fci?>(D)S^/.f>^^ :y 

[0 08 4] ■^^(OWm 2 . /^ib\ ±f5SIJS(DJ^B 1 

i^M-<^ h/v-A I;&5^«E [Q7] (0'^^^m<:^^ ^y^ 

TVL0=1/LX (^^T^O:^^) / 1 VLO | 
TVL3=1/LX (jia^r^>0«$) / I VL3 I 
[0094] (5) ^> {Q) '^i)^hmht>t^^O\^. 50 meco^-g-fi, ||-<^^ h/UVL3<7>ii2a^r^TVL3ct 
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(8) 

[0 0 9 5] Uybd^oT. m7[^<r>::^v'y:fS6 1\C^ 

[0 0 9 61 w^OJ: 5t-> mSfEil^-<^5^ h/l-A I 755ff^ 

(fg^S [Q7] ) F^JCA-Syti^XOSig/i^^^r 70 

[009 71 mmcomm 3 . ib\ ±iB^j6fe<^?^ffi 2 

[oo98i.^cr% >'y<—^ KDrnt^mj^^i^ 

[0 0 9 91 wtttcj:!?. mmmm^^ h/i-a i^^^jg^^ 

m^m-^\^^xs9c^\cmm,\^ft.:i<D^m<omm<Dmm3 ' 30 
[0 10 0] *-f. ms^^mi^^j^T^^h. tuiE (igi7# 

h/vA [Q7] ;6^<b:^^<am;rcffier' 

[0101] rafflsa^mH-^iJ' h/pvR;ft5ia 

5(c^-rMiSc [PI] f^(cfei9. i-om^fcii^-<^ h/v 

tlitWL^^^ h/l^V VI, V3. V 7(OV>"fHSrtti 

;^UTt. ®^<i^-<^ h/wA I [Q7] (?d:;^|pj 

{C^W)l^^J:^^(OX\ ll]7|^<7)^Xy^S 6 1 JC^qV^T;^ 

[0 10 2] msib-'hm^if-ti:xv\z. mmmm^^h 

[0 1 0 31 ^;iT% ^ffim2imEE-<i5^ hyi-VRO^^ 
[PI] h/w^Pfi^i-^cr)X'fi/jr<. 
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[0 10 4] gl9f;ir(0^5goiaiS(;5?^^3{cJ:^y— 

S5 0. S 6 1 <D^3lrt^^— Si5^3EUT. ^^-r^yr/S 
5 2. SQ2t\^ti:Lt(D^X^K>. ^<o^m:^'ry':f 
S 1 0-S 4 0:fc<tT/S 7 0 H:Sa^i:l^«X3!>5o 
[0 10 5] :L<Dm^. :^y'y^S AO\z.i^\^^X. 

aa®®£-<i? h/uvRcoigftg^:BimLfcm. miE-<i5^ h 

(^T^^'^^S 5 2) o 
[0 10 6lS^V^T. >^v".y:rs 6 2^c:^3V^T, 

[Q7] <o:h^-<^m^^m&-<^ ^>rw^cov^-c. tsi^ 
(;^7^5/:/s6 1) tmm\zm^ [q7] ic^t-r^ii,^ 

i^-^. ffi^maiimiE-<^ h/i^vRo^Scjcs^J^, ma 

yti:;tf^ 1 o{g(cura;^^#tt^-r^o 

[0 10 7] 51^^$i^TV^/j^V^mJEX^ h/UtO^ 

[0 10 81 rttf^lJ:!?. lil4"C3l^$n>tmH-<;5' h 

0fgcoa^#ttJ-J:«9M5fe&^{cffi;^$n^;5^ il 

CQ7] (cAb*VN^i^(c{i. 51*^^n3tJ^il^(Dl 

[0 10 9] fc^xl^f. ia8(OJ: 9t-«^fc<l^-<^ h>'^ 
A [Q7] t^h-X^ <im.\^X\i^^^^\Z.Vt. 

W$L [Q7] co:*'r^-^^ijb-r5m/£-<i5^ hywVL4. V 

h/uVL 5;dSil^^tL6- ^{C/^^o 
[0 110] r<7>^;^. ^M^'^^^^i/^^'iJ^^ftK-rC 

Tt>. ffi»f&{iM-<^ h/i-A itmm^m [Q 

[0 111] Mm<DMmA. fj:is^ ±umm<ommi-- 
3x\^. HffliEg^&ms^m^^^iHiKs 0 1 mi^ 

PWM>'<i5^-VirU>^^lHlj^8 1 1 t <^^tcmiE$y 

[0 112] WT. BmiE^&w^m^^±mn^m\f^ 
tiz(D^m(Dmm(omm4\z-D\,^xmm-r^. miot^ 

*>5o mi. o(c*5v>T. ttrx^ (iai#^) ^pfiiot><o 

[0 113] 2 Of^HtB-fV^^— iJ' lcom;^?{H!llCSJgE$ 
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(9) 

75 

[01141 831 n^niE^&mMm^m±\B}^x*^ 

mJE^B^ffl V I U * . VIV*, VIW*<|r^^t' 
So 8 2 lli®EE©Jffll|pIK-efe»J. HffliESSmjEEJg^ 
^^IhISS8 3 1^ PWM/<i5^ — U^^$^tH]^8 11^ 

-rso . 

[0115J 861 U. 861V. 861 WnMUM^ 

H^aiE^fimffJg^^^iHjsss 3 1 ^mjE^jffli 

li]K8 2 1 i:<^PfllC^A$nTV^So SJBE^JiSlHlgSS 2 
Ifl. A0«ltS§8 6 lU-86 lWtmmi.X. =ffl>f 

[0 116] ^tz. m^MS^S 6 lU'-8 6 IWfi, H 

tsiE?t&mi3Ej^^^^iEiK8 3 1 ^laauT. mii/i-- 
:/^c:5^-r'5mi3Efi^^av i u^-v i w* tmi£y^ — 
hv^ix ^flsv I u-v I wt(Dmmmmi imf^mm-<^ 20 

[0 117] :i(Dtt. mjE©J^^^8 2 l(i. WJEii 
h/w:i5j^^>t-^ J: 5 (cfi^it^ffi I AU I A 
w*^a3;/3-rSo *:rc. ffiff»J^lHlgS8 2 i fi. mBE^l 

u * - 1 AW * ^m:^^^mBmm^m t x^xmmT 

So 

[0 1 1 81 ^ hiC^ mmn^S 5 1 U—8 5 1 Wt^. 

mi^mmm^s 2 1 ^igaur. msftit-^fit i au*~ 

I AW* ^rmffltirVIM OU'-'l OW;5*^(OmiK:7 ^ — 
bV"^:^^?^!! I AU~ I AW^Com^ilM^:^ h/V-A iU 

i-So 

(0 1191 pv/M^<^->^m^^ms 1 ifi, m«t^ 

h/i-A i u-A i wioj:t/mjEJg^{iIv I u*~ 
v I w*ic^c;;CT. Hta-r://<— itc^-rspwM/N 

[0 12 01 -t/^fy-h. PWMy<^ — :ym^^^8 i i 

^fiv I u*~v I w*lcg<5v^T;^>r K 
[0 1 2 11 »ctc, mi oJc:^Lfcr(^^p>q(D^ifecoff^' 

Si4lcJ:s$|J^i^If^{cov^T»^■rso *-r. ffijE/w- 

>^F^<7)ADi^aL^8 6 1 U—S 6 1 WH. HteiE?SfemjE 

m^^iSfetEjif&8 3 1 t^h^^^Mzm&^^mv I u* 

-VIW*^. Hffi-Y lt^ttJ;^mjEV I U~V 

I W<!:omS<lll-<>5' hyv^^e^So 

{ A i (T 1 + AT) - A i (T 1) } 
Tl) } = (AT/L) X (VR-VA) 
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[01221 mff ®Jffl[e]?S 8 2 1 ^^?> btbAcSJEffi 
H-ii^ hy^;d5yh$</j:SJ:^lc, m^m^ffli AU*- 
I awhcStPWM^^^— UiJ^^$'[b]3S8 1 Wcmti-t- 
So PWMx<^->'-fel^^^le]K8 1 KOffi^m 

8 3 ld^^(DmJi*B^fflV I U*~V I W*;6iA;^$tl. 

So 

[0 12 3]/cti5> PWM^<i5^ — V-feUr^^iJ^lHJKS 1 1 

[01241 ::coj:9t-. H^giESS&mHJi^^^lHjgS 

8 3 1 ^^V^S^^ t>tC. m^©J^aip]g§8 2 l*5j:a?j!)P 
M^^8 6 lU—S 6 lW^fflV>Tmi£/l--:7^^^^S-r 

S^l^jcj:?). -^(OHfflIE3S»®E^:a^?r3 Olc^b 
T««&-rsr ^35ST-#So 

[0 1 2 51 %m<omm^.' tj:^^ ALmmmmmi-^ 

AXVt. Hffi-f X (C^-rS«iffim^1iS I AU * 

--i A.^^t^-%(Dm'^^m^t\.xmm\.fzt^. 
m^Kjg^fisi AU*— I Aw*f^. ^rB^i!^t>(c 

[0126] ^ZLX^ m^ftfa^ftt I AU*--- I AW*CC) 
^>(b^%«L.T. a^Lit^fltl AU*-I AW*O0^W 
^{bft;65:A;:tv^S'g'tcf;i. MMm^m I AU * - I AW 
*<oB#ra«»5><Bi: y hyu3U'-3W<o-f 

^^ffiL^^scfdfitcj: "p, igiif^(D^fflm^iimi3E (m 

JBE7^— hV-^y iJ^fiS) VRU'-VRW^fcfigl 1 Ort<^) 
mEEit^fitV I U*'-V I W*^«:iEUTt J;V\ 
[0127] J[^T. W^(om 1 — lil 1 0 <^ <h t>fc:. mi 

i(D^^ vjvm^^mx^'^j^t^h. m^fg^ffii AU* — 

I AW*o^>ft:^%ffl:Lyh^o^^(D^j[fS(7)?^^5 icj: 

s^sMm-ov^TU^o^-rso 

[0 12 8] ^-f > m^ft^H^fi: I AU*— I AW*or)B# 

-3WO-r>-^^i5':^^<itL35S;^#</^St> SIKco^ 

tc, -rw^— ^-Sij^fg^fiii AU*— I Aw*oB#r^ia^ 

^l:ft;d5>ct </j^S(^'C. SMJi^ffii AU*— I AW* 
[0 12 91 *fc. B^^xBo^^s<^?^ffi4^c:^ov^T. ^feiSr 
nmn^m. i au * - 1 Kw^fD^mmtmt.i^^ < tj: 

So 

[0 13 0] fc^;tl^. mJai&OllJSO?i^ffil tC^i Lfc 
(2)^. (3) m«lfg^<(il A*<7)^ 

[0 1 3 1 1 

- {lA* (Tl + AT) -lA* ( 
• • • (7) 



(10) 
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[0 13 2] ±ia (7) ^(DMia^ATT'^iLi-S^. * [0 13 3] 

i^TO (8) ^<OJ:9Jc^-rw^;55x-#5o * 
[ { A i (T 1 + AT) - A i 
" ) -lA* (Tl) ) /AT] = (VR-VA) /L 
10 13 4] ±IB (8) ^(Dfcia(D^^^P^AT^«/h ^^tt5o 
^P«^d t r 1 i mAT->Oj t UT. <1PI (#H®CO^ [0 13 5]. 

ft) (8) *li«T<0 (9) SoJ:5«-*^ 

d (Ai)/dt-d (IA*)/dt = (VR-VA) /L 
[0 13 6] ^FbJC. (9) ^<DM3atCW'>'t$^iJ^i5'>'^ 

<SL^^S^-rsi:> WT<^> (1 0) ^<DJ:5Jc:^$ix [0137] 

LXd (Ai)/dt-LXd (IA*)/dt =VR — VA 



(Tl) } /AT] - [ {lA* (Tl+AT 
• - (8) 



(9) 



) 



[0 13 9] 



20 



[0 13 8] b;rc3&5oT. ±iB (10) ^^m^-rfh 

UT<0 (11) ^;55^l9^0o ^ 

LXd (A i) /d t= {VR + LXd (I A*) /d t} -VA 
11) 

[0 14 0] ^tc. ttl^fO (4) ^Sr»»cr>?^-C^-t- 

i^TcO (1 2) 
[0141] 

LXd (Ai) /dt= VR-VA • • • (12) 

[0 14 2] _htB (1 1) (12) ^7&-P>P^^^-/^ 

Xoi^. (12) ^F^cD^fflm2imEE-<iJ^ hy^VR^. 
(11) ^F*90 rvR+LXd IA*/d tj icg^^ 

rvR+Lx d I A*/d t J {cm^^PL^::.t\^X 
"9. Sti^Jt^flS l A*(0^^bS:^#lt'f-Swi:;65-t»# 

TVLO' =1/LX (^^T^(D^^) /|VLO' 
TVL3' =1/LX m^T^tD^:^) /| VL3' 
[0146] r^^iliM^rB^TVL 0' . TVL3' ^ 

[0 14 7] ffiffim^ffil A*<D^ra^{b 

-t?. HtsmjEM mmmM) <omEE-<^ h/\^vK^mjE 
-r ^ r ^ tci J; 19 . mgfLfg^fig I A * <Dmmmt(om9^ 

[0 14 8] 'rti:t>^s ^>^<—'^mmiA(D^m^it 

m [Q7] ) i^i:i7<^tziib(omWj::^^ ly'f'^'^ 

[0 14 9] mm\^. Brj32E<0^iScr)Ji^ffi4 (H 1 0 # 

m) ^cmmvtim^h. mstjg^ffii au*-i aw* 
mL^mctimx\ miiif^fav i u*'-v i w*^ffl 



(1 o 



( 



► [0 14 3] r<z)r^ii. lili 1 rto^ffimMmffi-<i5^ 
hyuvR^T Tlx d i A*/d t j ti^f^m^'^hzt 

[0144] ^yh. mmmm:^^ h/^ a i t^me 

grjCfo^^^dli, hyl^VLO' . VL3' \c 

11 LT. mmmm^^ h^u^ i<omm [q7] ^cn-r^ 

ilo^Bt^^TVL O' . TVL3' M3iE(0 (5) 5^. 
(6) ^<t[^«fC. Ur<0 (13) (14) ^{C^ 

[0 14 5] 



(1 3) 
(14) 



40 



[0150] 

^titimti^w&m<oMm^m\z.:^^^x. m:fjm^mm: 
^ji. mMMmr<^ vM^Lnx^x^^mmw^^wc^-^ 

OPI^^tLfcy^^-f 5^^>'i/^— KCOnfi;d*P>, 
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< ?i -5 mm ^^^-< ^ >^ - K ^ -5 C t O T- # 
[0 15 1] ^fc. rO^^ICjziXf^. PWM^<^ — >' 

lp]S:25S/|^/j^< y^-^^=^- K^riS^-r^ 

[0 15 2] %tL^ :icD^^lcJ:tttf. PWM^"^ — >^ 

[0 15 3] r(D^^(cJ:ttr^, mjE«lffl^S 
[0154] ^fc. 

mmm^^±^m t . mmm^m tw£:7^-h^^<^y^ 
tcis \:.xmsi/i^—'y\^M^^mMm'^m^m:^^^mm 

mmmm^^ h7i-\:m\^xf^^mmmm^w^ 
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20 

[0 15 5] ^fc. 

10 i)^<>fi:< /jr§Sa/j:>^-r y^^iT^- V^mUrT^ - t 
[lll®offli#/jrUi?^l 

[mi] ^(Dmm<om:m<oMm i ^^-t->^n 5. ^iJ^ gj-c 

[m 2 ] mi P^co P WM^-^iJ^ — >'ir u^:^ iJ'iaSScoS^ 

[m 3 ] <D^m(Dmm(Dmm 1 ic j: -s^ssbf^^r^ 

20 [EI4] r<7>^ig<O^JS<?)?l^ffiilcJ:«9 5S^^nsm 
[1115] .rco^|^<D^lico?F^Bi J^iM^^n^^ 
[me] c:60^^<D^5So?f^^2(cJ;<9 3M^$tL^>^. 

[ma] to^0J(^SI^<7)?g^3jcj: 

[Ell 0] :L(Dmm(Dmm(DMm4^7r^'rzfu>y^m 

X$>^o 

mil] :z<o%m<Dmm(Dwm5\cxK)mii^n^ 

[mis] mi 2rt(DHffl^>'/'^-tJ^(^Aff6^/^1»^ 

40 m^TT^'i'^^^xh^o 

mi 4] ^^^<Dnt)^^^m(OMm^mcxY)m^ 

mi 5} um(omti^^mm(oum^m^^ vmn 

I m 1 6 ] m^<Dmti^^mm(omm^^\c xr)m^ 
mil] ^^^<Dm:h^mmm.(oum^mz. t) 

50 y^:y^=e— V^Tr^^mmmx^^^ 
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-low m^s•fe>'1^. soi H^BjEs^iKmssjt^* 

^SSS. 8 11 PWM^N"^ — X-feU^^lH]^ (PWM 
xN-^-^-ilS^^^) ,812 mJE^BimiHjgS, 821 
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8 5iu~8 5iw> seiu—seiw 

IAU--IAW ^ti%M. lAU^—IAW* 

jg^fls. A iu-A iw m^?£{i^. A I m.wm^ 

^ h/K Trl-Tr6 ' 5^5^:^^*^. VRU— 
VRW ^^maimffs VIU^—VIW* mJEJa^ 

fit. [Q7] ^m^^. 
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BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the oi iginai 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

'^REFERENCECS) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



